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Lomonosova, Submitted May 1964. 
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Lomonosova, Submitted May 1964. 
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AUTHORS: Levchenxo, fe. S-, Sheynkman, I. 
ses ae 
TITLE: Esters of N-arylthi ocarbami de-N! -phosphoric Acids (Efiry 
N-ariltiokarbamid-N'-fosfornykh kislot) 


PERIODICAL: Zhurnal obshchey khimii, 1959, Vol 29, Nr 4, pp 1249-1254 
(USSR) 


ABSTRACT: As was snown by Levchenko and «coworkers . (Ref 1), the esters 
of isothiocyanate phosphoric acid react with amines, and 
particulerly with aniline, in such a way as to form thiourea 


derivatives. 
D 
(RO) ,P(O)NCS +0 gugNg—> (RO) oF (0)NHCSNHC,H,. 


One of these compounds, the diethyl ester of Nepheny lthio- 
carbamide-N'-phosphoric acid, (C,H.0) >P(0)NECSHHC =, , possesses 


insecticide and anti-tuberculous properties, It was therefore 
of interest to prepare esters of N-ary lthiocarbamide-N'- 
phosphoric acid with various substituents in the aromatic 
nucleus and to examine their physiological properties. The di- 
ethyl ester of isothiocyanate phosphoric acid (Ref 1) was 

Card 1/3 ceused to react with p- and o-toluidine, p~- and o-anisidine, : 
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S0V/79~29-4-47/77 
Esters of N-arylthiocarbdamide-N'-phosphoric Acids 
p-phenetidine, o-, m-, and p~chloro aniline, m-snirnephensi, 
p-fluoro aniline, p-aminophenylsulfamide, p~sodiumaminosalicylate, 
oe and phenylhydrazine. The diethyl esters of N-arylthiocazbamide- 
N'-phosphoric acids obtained are colorless compounds with 
acid properties. They are slightly soluble in water, benzene, 


ether, and CCl, , and can be recrystaliized from alcohol and 


acetone. The diethyi- and diphenyl ester of isothiosyanate 
phosphoric acid and the diphenyl ester of isothiocyanate thio- 
phosphoric acid form simiiar thiourea derivatives with o-amino- 
thiophensl. These compounds are, however, unstable and cyclize 
as soon as they are left undisturbed for some time, while benzo- 
thiazole derivatives and HS form (Scheme 2), N-(benzothiazolyl- 


2)~dipheny 1-diisobutylphosphamate and --diphenylthiophosphamate 
are cclorless crystalline compounds. N-methyl+o-aminothiophenol 
reacts as easily with the esters if isothiocyanate thiophes-~ 
phoric acid and results, via the thiourea derivative, in the 
derivatives of 3-methylbenzothiazolidene-2. The corresponding 
diphenyl ester of the same acid results in N-(3-methylbenzc~ 
thiazolidene-2) -diphenylthiophosphamate according to scheme 3. 
Card 2/3 a-aminopyridine and N-methylbenzothiazolonimine result, by 
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reaction with the diethyl ester of isothiocyanate phosphoric 
acid, in the corresponding thiourea derivatives (Scheme 4) 

The esters of arylthiocarbamide phosphoric acids proved to be 
weakly insecticide and anti-tubercrzlous agents, with the exe 
ception of the diethyl ester of N-(p-chloropheny 1)-thiocarbamide- 
N'-phosphoric acid and the diethyl ester of N~-pheny ithio~ 
carbamide-N!«phosphoric acid. There are 1 table and 5 ref- 
erences, 1 of which is Soviet. 


Institut organicheskoy khimii Akademii nauk Ukrainskoy SSR 
(Institute of Organic Chemistry of the Academy of Sciences 
Ukrainskaya SSR) 


January 6, 1958 
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Preparation of Phosphorus-Diiodide and -Triiodide SOV/79=29-5-14/75 


can be prepared without difficulties. Carbon tetrachloride, 
chloroform, butyl iodide can be used for the recrystallization of 
phosphorus triiodide, but most suitable is dichloro-ethane. 
Phosphorus triiodide is obtained in the form of rather large brilliant, 
dark-red crystals with a melting point of 60-61. There are 

5 references, 2 of which are Soviet. 


ASSOCIATION : Institut organicheskoy khimii Akademii nauk Ukrainskoy SSR 
(Institute of Organic Chemistry of the Academy of Sciences, 
Ukrainian SSR) 
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1, Institut organicheskoy khimii Akademii nauk Ukrainskoy SSR. 
: (Amides) (Sulfonic acids) 
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" SHEYNKMAN, Mi. K. 
USSR/Physics - Photoconductivity 11 Oct 52 


= "Photoresistances of CdS Monocrystals and Their Photoactivation," V. Ye. Lashkarev, 
Acting Mem, Acad Sci Ukrainian SSR, V. S. Medvedev, A, I. Skopenko, G. A. Fedorus, 
M. KE. Sheynkman, Inst of Fhys, Acad Sci USSR 


"Dok Ak Nauk SSSR" Vol 8, No 5, pp 905-907 


At 7th Conference of Semiconductors in 1950 (cf. Lashkarev et al., "Iz AN SSSR, Ser Fiz" 
16,81 (1952) photoactivity of CaS monocrystals was reported activated by light. Show that 
photoresistance of CaéS is only one exhibiting, in addition to high sensitivity, practically 
horizontal spectral characterisites within band 0.4 to 0.21u. Received 5 Aug 52. 
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AUTHORS : £.1.Rashba, uM. K. Sheynkman sov/57-25-9-3/33 


TITLE: Influence of Surrace Heesmdbination Upon the Kinetics of 
Photoconductivity in Semiconductors (Vliyaniye poverkhnostnoy 
rekombinatsii na kinetiku fotoprovodimosti vy poluprovodni- 

kakh) 


PERIODICAL: Zhurnal tekhnicheskoy fiziki, 1958, Vol 28, Nr 9; 
pp. 1863 - 1889 (USSR) 


ABSTRACT: This is a study of the kinetics of photoconductivity 

in a gemiconductor under the most simple premises with 

_respect to the recombination mechanism intended te present 
a clear and illustrative explanation of the influence of 
surface recombination upon the course taken by photocurrent 
relaxation at different values of the light absorption 
factor. The surface recombination is essential even in the 
early stages of the photocurrent relaxation processes. In 
order to make this influence accessible to measurement the 
values ie are given at which B¥ which is computed according 


to formula (3)is about 2/3 of Bo- e* denotes the effective 


Card 1/3 quantum yield and Bo the real quantum yield. This report 
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covers an investigation of the spectral disribution of 

the stationary photocurrent, of the effective quantum yield 
and of the effective life which were recorded by methods 
described in publications. It is believed that the spectral 
dependence found in connection with the investigation of 
the quantum yield has a physical meaning and that it is 

nov connected with the insufficiently short period during 

which the yield was measured. There is everv indication 
that the CdS moneerystsl s actually axhitit exh real spectral ga- 
pendence of quantum yield, V.Ye. Lashkarev, Member, Acadeny of 
Sciences, Ukr ‘SSR proposed the subject for tnis study. 
Sige’ V.Yu.Fedorchenko assisted in the calculations. There 
are 9 figures and 14 references, 13 of which are Soviet. 
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AUTHORE Broude, V. Les Yeremenko, V- V.Sheynkman, Be be 
TITLE: Investigation of +he Snectral Distribution of Photocon- 


ductivity of Cds Sirgle-Crymals at 77 and 20 K (issledovaniye 
spektral 'nogo raspreaesenuiye fotoprovodimosti menckristailov 
caS pri 77 1 20 K) 


peRTODICAL: Zhurnal tekhnicheskoy fiziki Vol 28, Nr 10, DP 2142-2151 (USSR) 


ABSTRACT? This is @ presentation of tne results of an investigat:on of the 
spectral distribution of the photocurrent ané of tne eigentime 
of the photocarrier at 77 and 20°K; and of the relation of 

these quantities to the coefficients ot light absorption for dif- 
ferent wave lengths. Tae rour functions, tnat of the spectral 
aistribution of the photocurrent Tp, (7), that of the eigentime 


a(n): and that of the ratio Epp i MIT (A) on the one hand, 


and that of the light absorption coerficient ¥ at the limit of 
intrinsic absorption on the otmer were compared carefully. It 
appeared that no unique relation can be established between 
these quantities. Hence the dependence of the photosensitivity 
Card 1/3 upon the absorption coerficient is obviously superimposed by a 
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SOV/57-29-10-7/ 40 
Investigation or the Spectral Distribution of the Photoconauctivity of Cd3 
Single-C rysbals at 77 and 20 K 


dependence upon the wavelength of the absorbed light. It re- 

sults that the fine structure of the spectral distribution of 
the photosensitivity at low temperatures cannot be explained 
by a mechanism which is connected with the value of the ab- 
sorption coefficient, with the intluence of the crystal sur- 
face and similar phenomena. Wne explenation is apparently af- 
forded by a parallel action of geveral mechanism effective 
either in the absorption of light or in the ereation or annihi- 
iation of photocarriers. Special notice is given to tne Little 
pronounced structure of the spectral distribution of t°(”) at 
“7K in a range where the spectral structure of the photocurrent 
is expressly evident. This may offer evidence for the fact that 
it is not possible to explain the spectral structure of photo- 
conductivity by a4 simple surface recombination of the free cer- 
riers. From the considerations advanced in this paper it pro- 
ceeds that it is necessary to introduce a relation between the 
quantities determining the photosensitivity of crystals and the 
frequency of the exciting light. The experimental parameters 

Card 2/3 which are available at present are insufficient for giving a 
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unique answer to the suestion how such a relation should be 
established. In this paper only a few possibilities can be men- 
tioned. & careful confrontation of tne spectral distribution of 
the steady photocurrent with the absorption spectra showed the 
absence of any immediate connection odetxveen photoconductivity 
anu the narrow absorption lines. V. Ye. fLashkarev, Member, 
academy of sciences, Ukr¢sR, and A. F. Prikhot'ko, Correspond- 
ing Member of the Academy o* Sciences, UkrSsR, showed constant 
interest in this work. §. [. Rashba discussed the work with the 
autnors. There are 5 figures, 2 tables, and 28 references, 16 
or which are Soviet. 
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served potential drop at the cathode embraces not only the gate region, put also 
a portion of the semiconductor volume (the so-called photocurrent parrier Layer). 
With an increase of {llumination the barrier potential jumps 4ncrease on the 

cathode and decrease on the anode. . When dlluminating an ohmic In contact one 

observes either & reduction of the “antiparrier ability" thereof OF. even a tran~ ps 
sition to the "parrier ability", analogous to the increase of the barrier jump on 7d 
a gold cathode. The probe characteristics of the samples, that. is ,the magnitudes 
of the stationary currents traversing the pample as a function of the position of 


. 


the anode (length of the sample: 1 - 1.5 mm). The time of setting up of the 
stationary photocurrent on probe 4llumination of an In anode (cathode of gold) 

js 10 times longer than in the case of a Au anode (cathode of indium). The un- 
usual inertness on the anode 4llumination when the cathode 4s a barrier electrode 
(Au) serves, in the authors’ opinion, 48 a direct confirmation of the hypothesis 
on the necessity of accumulating noles to form 4 gate. Tlluminating a cathode 

of indium as well as of gold reduces py entire orders of magnitude the photocurrent 
rise time in comparison with the {llumination of the anodes. For that reason, 
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illumination of the crystal. The photoresistances FSK-ML 

ced by IFAN UkrSSR are supplied only with aluminium contacts 
ced according to the here-described method. There are 

2 figures and 4 references (Soviet). 
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5/181 839882/06/21/050 
a p006/B056 
243950 
AUTHOR: Sheynkman, M- K. 
wale Snr ettteahel ee saeedt y 
- TITLEt The Mechanism of the Photoconductivi ty in caS-Type Single 
crystels,| fe z 


PERIODICAL: Fizika tverdogo tela, 1960, Yol. 2, Nos 6, pPe 4155-1199 
ted experimental results in previous 


papers (investigation of the spectral dependence of the steady photo- 
current and of the quantum yield of the photocurrent at various tem- 
peratures) to the effect that excitons participate in the occurrence of 
photoconductivity in CdS-type single crystals. Most scientists still 
today ere inclined to pelieve that in these crystals Light absorption 
nas exciton character; the fine structure of the absorption bands, the 
hnifting of the bands, 

blue luminescence bands, and & number of other effects are brought into 
connection with the occurrence of excitons. One of the most important 
proofs for the occurrence of excitons land their influence upon photo- 
conductivity effects was given py V. Ye- Lashkarev and G- A. Fedorus 


TEXT: The author already interpre 
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(Ref. 9), who found the dependence of the quantum yield of the internal 
photoeffect upon the concentration of the photocarriers in the crystal. 
The simplest model that is based upon the participation of excitons in 
photocarrier production is the scheme of double optical transitions, with 
the aid of which the new photoelectric peculiarities of CaS-type single 
crystals may be explained. On the basis of this exciton hypothesis also 
other experimental results are analyzed, a5 @.&- the lux-ampere character~ 
istics of the photocurrent T onl) ~ L, the dependence of the photocur- 


rent yield upon the light intensity a (L) ~ L, as well as the function 


re(L) ~ L (c° is the relaxation time of the photocurrent); these three 
functions are represented in Fig. 1. It immediately shows that the scheme 
of double optical transitions is not able to explain these functions. The 
endeavor is therefore made to explain all these effects by using 4 


different model representation. The function vn was found to be 
explainable by quasibimolecular photocarrier recombination, and the 
increase of the photocurrent yield a ob by a triple-impact model in the 


production of photocarriers from excitons, for which there again exist 
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three possibilities, one of which is schematically represented in Fig. 2: 
The interaction between an exciton and a phonon within the region of a 
charged electron trap. In the transition scheme shown in Fig. 2, level I 
represents the electron traps which are slightly filled in the dark and 
are neutral if they contain no electrons; II - recombination levels 
which are nearly filled up in the dark with electrons. This scheme is 
analyzed, and it is shown to be able to explain a number of effects such 
as the kinetic effects of photoactivation. The new scheme ought, if it 
represents real conditions, to entail a number of new phenomena to be 
verified experimentally (the photosensitivity of the Samples should grow 
with trap concentration; the electron concentration in the traps would 
have to be proportional to a » etc.). The author finally thanks V. Ye. 
Lashkarev, Academician of the AS UkrSSR, for his interest and discussions, 
There are 2 figures and 9 references: 6 Soviet, 2 German, and 1 French, 


ASSOCIATION: Institut fiziki AN USSR, Kiyev (Institute of Physics of the 
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AUTHORS : Sal'kov, Ye.A., Fedorus, G.A. and Sheynkman, M.K. 
nae | 
TITLE: On the role of contacts in the effects of photoacti- 
vation and infrared extinction of photoconductivity 
in CdS single crystals 
PERIODICAL: Ukrayins'kyy fizychnyy zhurnal, v. 5, no. 2, 1960, 


141-148 


TEXT: The question is axamined whether the peculiar features of 


photoconductivity of CdS single cryst 


als are properties of the semi- 


conductor or whether (and to what extent) they belong to the contact 
between semiconductor and metal. Photoactivation and infrared ex- 
tinction were studied on CdS single crystals with ohmic (strongly 
anti-depletion) contacts, obtained by applying melted In or Ga to 
the surface, and on specimens with depletion contacts, obtained by 
Al-spraying of the unprocessed surface. The main result of the ex- 
periments was that the investigated effects are related to the semi- 


conductor itself, and not to the cont 
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diagram of the measuring device. A variable voltage was applied to 
the specimen, of frequency 100 ke and anplitude 1.65 v. With given 
parameters of the circuit, capacitance of specimens equal to 0.1 
pFar., and ohmic contacts, no dependence whatsoever of the photo- 
current on the frequency of the applied voltage was observed even 

at frequencies of 200 kc. In studying the photoactivation, the 
specimen was simultaneously illuminated from both monochromators. 
The light from one monochromator was modulated, whereas the light 
from the other was fixed. The dependence of the photocurrent -amp1i- 
tude on the light-intensity was measured at both constant and vari- 
able (100 to 200 kc) voltages). The displacement of the photo- 
carriers in the specimens did not exceed, as a rule, 1/40 of the 
distance between the electrodes (which was 2mm) when a variable vol- 
tage (100 kc) was applied. Hence the effects observed in this case 
were not related to contacts. Constant-voltage measurements were 
carried out on more than 20 specimens with different contacts; the 
ordinary method of measurement was used. V.E. Lashkarev, Ye.A. 
Sal'kov, G.A. Fedorus, M.K. Sheynkman (Ref. 11: UFZh, 2, 261, 1957; 
3, 207, 1958; DAN SSSR, 114, 1205, 1957). The spectral distribution 
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of infrared extinction of 


200 ke). 
current, the photoactivation, 


The lux-ampere relationship, 


ted to the semiconductor and not the co 
Formulated by various authors is correct; 
and R.H. Bube (Ref. 
Photoactivation and extinction were 
variable voltage. 


specimens the photocurrent does not depend on the é 
is frequency-dependent. In the: 


(Ref. 6: Proc. IRE, 43, 1850, 1955) 
Chem. Solids, 1, 254, 1957). 
a observed at both constant and 


photocurrent in non-ohmic specimens 


case of non-ohmic (depletion) contacts, 


constant voltage give results entirely different from measurements 
Photoactivation is often observed’ at variable | 
Hence measurements of photo- i 
current characteristics on ohmic specimens permits determining the’ 
surface properties of semi-conductors, , 
ments ou specimens with depletion contacts - determination of the |~ 
: ncy characteristic of the: 


at variable voltage. 
voltage only, and not at constant. 


internal and 


properties of the contacts. 
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photocurrent in specimens with depLetion contacts apparently ‘corro~ | 
borates the assumption of sluice’! formation at such eontacts. Thare 
are’ 10 figures and 12 references: 8 Soviet-bloc and 4 narsoviet- 
| bloc. The references to the English-Language publications read as , hi 
follows: R.H. Bube, Phys. Rev., 99, 1105, 1955; A-Rosa, Proc. IRE, , 
43, 1850, 1955; R.H. Bube, Phys. and Chem. Solids, l, 234, 1957; ‘ 


I. Lambe, Phys. Rev., 98, 985, 1955. 


ASSOCIATION: Instytut fizyky AN USSR (Physics Institute, ‘AS Ukr 
SSR) 


. SUBMITTED : July 3, 1959 


Fig. 3 Legend: 1 & 2 - monochromators ;. 
3 — sinusoidal voltage generator; 
millivoltmeter; 3 - amplifier; 
rectifier; 7 - oscillograph; 
specimen 
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22052 
5/181/61/003/004/018/030 
B102/B214 
44,7600 (1135 143, //00) / 
AUTHORS: Pisarenko, Zh. G- and Sheynkman, Hi. K. 
TITLE: Visualization of dislocations in CdS gingle crystals 


by etching 
PERIODICAL: Fizika tverdogo tela, V.- Jy no. 4, 1961, 4152-1157 


pRyT: It is known that on the (0001) plane of cds single crystals, etoh 
patterns of hexagonal form appears which are attributed to dislocations. 
However, no methods of visualizing this for other planes, @+&+» 

(1120) or (1070) are known. Such a method is suggested here. The CdS 
gingle crystals were obtained by synthesis and sublimation. First, their 
orientation was determined by X-rays, They were, for the most part, 
plane-parallel plates (5x3 x0.01 mm) which were partly smooth like glass 

and partly striated. Some diverged from this orientation by 4 few 

minutes up to 15°. Before and after etching the surfaces were studied 
py metallographic microscopes, mMun-5 (MIM-5) and mMyH-8 (MIM-8), 
visually and by means of microphotos. The best results were obtained by 
etching in hot hydrochloric acid vapor. Concentration of the acid, 
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Visualization of dislocations ++. 3102/8214 


temperature, and duration of etching were varied to determine the 

optimun conditions. It was found that the results were most favorable 
under the following conditions: The erystals were exposed to vapor for 
4-1.5 min at 400°C and placed 4-5 cm above the acid surface; the acid 
concentration was 25-30%. After etching the crystals were rinsed in 
water. During etching the crystals were placed in a fine molybdenum 

net. The relationship between etching pits and dislocations was also 
investigated. The following conclusions were drawn: As in many other 
crystals, the etching pits are arranged in terrace form, their shape 
depending on the face indices. If the etching time ig extended, no new 
pits will appear. This indicates that the etching pits correspond to 
dislocation lines. On studying thin erystals (up to 10 p) it was found 
that the etching pits were arranged antiparallel on opposite faces (1120). 
One can assume that these were on one of the dislocation lines passing 
through the whole erystal. A characteristic feature of dislocations is 
their behavior on thermal treatment. Experiments of this kind (700°C ; 

He atmosphere, 4 hours) showed that the etching-pit density rises up to 
100 times on heat treatment. It was also found that the dislocation 
densities at the center and at the edges of the crystal were very different. 
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This shows that the introduction of impurities by diffusion from the 
surface leads to a highly inhomogeneous distribution of the impurities. 
Further experiments will show whether there is any relationship between 
the dislocations of CdS-type crystals and their electrical and photo- 
electrical properties. The authors thank V. Ye. Lashkarev, Member of 
the AS UkrSSR, for his interest; and V. N. Vasilevskaya and L. I. 
Datsenko for discussions and help. There are 5 figures and 6 references: 
2 Soviet-bloc and 4 non-Soviet-bloc. The three most important references 
to English-language publications read as follows: MM. Kikuchi, S. Jizima, 
J. Phys. Soc. Japan, 14, 1638, 1959; D. C. Reynolds, S. “©. Chysak, 

J. Appl. Phys. 31, 94, 1960; J. Nishimura, J. Phys. Soc. Japan, 15, 

732, 1960. 


ASSOCIATION: Institut fiziki AN USSR Kiyev (Institute of Physics, 
AS UkrSSR, Kiyev) 


SUBMITTED : August 2, 1960 (initially) and October 26, 1960 (after 
revision) 
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‘AUTHORS t Lashkarev, y..Yee, Sal'kov, Ye. Aa, and Sheynkman, M. K. 


TITLEs Study of the photoactivation of the photocurrent yield in 
CdS single crystals 


PERIODICAL: Fizika tverdogo tela, V- 31 10+ Ts. 49614 T912= 1982 


TEXT: The authors attempted to study the activation of the photocurrent 
yield in CdS-type single crystals in 4 temperature range of from ~ 70 

to + 115 C. The method consists in the following: the specimen is 
exposed to short rectangular pulses and, independently thereof , also 
subjected to an exposure constant with times the experiment shows that 
with increasing intensity of {llumination the slope of the first part 

of the curve of growth of the photocurrent determining the photocurrent 


ser fiz. 16.81, 1952). It has been observed by the authors e8lso in CdSe 
and CaS-CdSe. Several attempts have been made to a theoretical study 
and explanation of this effect. Thue, @» Bes L. G. Paritskiy and 
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S. M. Ryvkin (FIT, II, 545, 1960) explained the photoactivation in 
CdS-single crystals by the presence of fast adhesion levels for photo- 
carriers. The authors found that in these crystals the curves of growth 
of the photocurrent consist of two parts with different slopes and that 
the exposure influences only the slope of the second part. In some cases 
the concepts on photoactivation strongly diverge. In view of the 

_ experimental results this process is obviously complicated. The present 
paper is intended to contribute to the explanation of these problems. 
The main possibilities of explaining the effect of photoactivation consist 
in the explanation of the relationship between the actual quantum yield 
G and the light intensity L as well as in an application of the concepts 
on the fast adhesion levels to the kinetics of the photocurrent. In 
order to explain the nature of the photoactivation, a so-called 
“disoriminating experiment" is necessary which admits the clear determina- 
tion of the proper mechanism. It is demonstrated that different mechanisms 
of photoactivation may lead to different shapes of the curves G,(N) where 


G, ig the slope of the second part of the curve of growth of the photo- 


current and N the electron concentration. Three mechanisms are studied 
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A) “tye + x ) = tne 

of the conduction band equal to 3.10 
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19 om”? at room temperature, when" 
ls form not one discrete level but: 


: with the density i (U)s : 
7 RW) Tn - ; 
G;=[1 +o | G, ; (2). : 
Pe: Sa oe aay . _ 
Qa=Qe *; Q=Qe ™. — ae 
‘ ; sae: ? 
Cara 3/5 


APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001549330011-4" 


"APPROVED F : P 4 
OR RELEASE: 08/09/2001 CIA-RDP86-00513R001549330011 
ji ie 


sing ET arses pa 
SUE WH gna Fe ROS SERS ESE 
ST a wee Sheena kas Saat fig sas dean oe Be ant PE ‘ 
ZIRE O Ss ideemerae: tbainesre SESS SOD 


SAT ESE RSIS EO ERIS 


pelt 
i 


2568h | 
5/181 /61/003/007/006/025 Pg 
3102/3202 ; 


result of & photoactive’ 
(concentration tj» 


y is the, maximum quantum 


Study of the photoactivation eee 


then holds. c) The occurrence of carriers is the 
exciton decay on an occupied slow electron level 


N ; 
5 a i ———— 
depth U,). Then, G, z+ = Onae (3) where Ge 


yield, Q, = exp (-0,/KT) + fhese thre 
an the G(x) curves, where x = N/M, are compared. 
- ‘ 

a CaS-single crystals (grown from vapor). 
ed in a vacuum gerved as electrodes thus warranting the. , 
linearity of the volt-ampers characteristics in & wide range of voltage 
and concentration. Also, the jux-ampere characteristics were measured - 

in all specimens. A Kerr cell served as. light modulator. The curve of 
growth. of the photocurrent a typical specimen is shown in Fig. 3- The 
GCL not curves were taken from several specimens. 


course of these curves the specimens could be divided into two ‘groups. 
Compared +o the theoretical results, the experiments show that in the 
CaS-single crystals with linear lux-ampere characteristic photoactivation . 
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is caused by the existence of fast adhesion levels of either discrete or. 
continuous energy distribution. Photoactivity which is connected with ° 
a change ofthe actual quantum yield as the result of a change of the 
exposure intensity could not be observed. ‘there are 6 figures and 

9 references: 8 Soviet-bloc and 1 non-Soviet-bloc.. . 


ASSOCIATION: Institut noluprovodnikov AN USSR Kiyev (Institute of Semi-.. 
conductors AS UkrSSR, Kiyev) . : tee 


SUBAITTED: January 28, 1961 
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ne -« the kinetics of phowo- 


TITLE: Effect of a strong electri. F.--4 
current in gingle eorystals ¢- ; 


u. 


PERIODICAL: Fizika tverdogo tela, Ve 3, "= -+, 1961, 3539-3541 


TEXT; During the measurements of the gnseees) an photocurrent the 


specimens were either in a vacuum (107-8 mz He, “= in air. When steady 
photocurrent had been established after qdlice pate (A = 5200-5300 ), the 
light was switched off and the specimen remained in darkness for a certain 
period of time At, (At, = 90-600 sec). TEs 27S" Fas again switched on 


- 


the curve of the increase in photosurts”- apserved on the screen cf 


and 3 
The time 7. -<¢ required for a 50% increase 


n 

an 3HO-1 (ENO-1) oscilloscope. ee 
ate 

was calculated. The experiments were repes.+ 

darkness and light, put during the dark per. -> 2 sinusoidal voltage with 2 

frequency of 70-100 ke/sec and an amplitude zfo 0 2.5 Kv was applied to the 

side electrodes. Tt was found that too4 na: neiqderably longer in this X 
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value increased with the amplitude, the thigh frequency field, and the length 


of she dark period. The large increase in 
electron adhesion levels and hole trapping 
levels, followed by rapid recombination. 7: 
AS UkrSSR V. Ye. Lashkarev for discus3zion=, 
12 references: 6 Soviet and 6 non-S:viet. 


ences to English-language publications res: 
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Aue nOnSt Sheynkman, ii. K., and Luk'yanchikova, N. 3. 
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Purina) Some features of the photocurrent noises in the exciton 
Mecianism of carrier production in insulating 
yhotoconductors 


t ; 
PEUIODICAL: Fisika tverdogo tela, v. 4, no. 5, 1962, 1243-1221 F 


fe) 
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the intensity of fluctuations and using the correlation function 
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4n(i)) 6 = a the authors derive the spectrum 


— 4311ty (dn2y29 — abhi) | ‘dtiat 2 (—dn2yo) + Tndhtn) : 
S(A= D(l-+ w*:? ‘1 ree D(i-+ ws?) . (10) 


of the photocurrent noises for (a) the exciton mechanism of production 
(rate of production aLit,) and (0) the direct band-band excitation (rate of 
product ion L). @he authors use the correlation method of K. i. Van Vliet 
oe I, oe (Physica, 22, 231, 1956). From (10). the expressions 
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to exciton mechanism. rig. 1 gives tne 
concentration of the additional (photo-) 
of the trapping levels (denoted by I) for 


The index J refers 
sransitions. on 
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the concentration 


are in heat exchange with the conduction band, h - the fd 
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- the probability 
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abinati is the number of the dark current carriers 
sme conduction band. Fig. 2 shows the dependence of the zero frequency 
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pactocurrent noise can be much greater than the noise in the absence of 
excitons. Phe photocurrent increases rapidiy with the illuminance in the 
Fecion of intense pnotocurrent fluctuations. These phenomena are caused 

oy the instability of the quéntun yield which leads to a positive ae 
feecbtack. There are 4 Zigures. 


aSSOCl.TION: Institut poluprovodnikov AN SSSR Kiyev (Institute of 


_ Semiconductors AS USSR, Kiyev) 
SUS RTE oy December 25, 1961 
Pig. i: The scheme of the transitions in an insulating photoconductor 
if te 
\e. & CdS type). ae 
Diy. 2: Dependence of the Soin ceueney noises S) (1) and S, (2) and of 
whe correlation times T, (3) and % ° (4) on the sandeatvat ton n of 


pnotocarriers,. 
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AUYHORS: Svyechnykov, S. V.; Chalaya, V. %., and 

OTD ss On the vrobve characteristics of X-ray and 
shotoelectric current in CdS-type single 
erystals 

PERIODICAL: Uxreyins'kyy fizychnyy zhurnal, v. 7, Mo. 4, 
1902, 396-40) 

poy aie The dependence was studied of the photocurrent on the 


position of the probe (between the electrodes) during the exci- 
tation of CdS, CdSe, CdS.° CdSe, _, single crystals by a narrow Xx 


light or X-ray probe. fhe influence of the following processes 
on the conductivity of the single erystals under local excita- 
tion was considered: electron drift from the lighted to the dark 
side of the crystal, bipolar aiffusion of photocarriers, exciton 
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aiffusion, resonance energy transfer in dipole-dipole inter- 
actions, reaosorption of the luminescence light, etc. It was WV 
found that no definite conclusion can pe reached for the dominant 
vhoto-current component and the role of the hole component by 
consiGering the stationary probe characteristic of the photo- 
current only. The probes were 0.1 mm thick, which is by one 

order of magnitude less than the distance between the electrodes. 
Visivle lignt of various wavelength was used; the wevelength of 

ene f-rays was 0.708 and 2.285 9. It was found that the maximum 

f tne probe characteristic can be Jocated (for voth the light 

2nd the X-rays) at the cathode, anode, and also vetween then. 

ne value of the photocurrent at the maximum of the probe charac- 


-stic near the cathode is about 107° _ i078 amp. ‘This is 
+ 4-5 orders of magnitude higher than the calculated values. 


9) O ct 
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fne travping factor 4@ was estimated (q=10 ). The photocur- 
rent at the anode wes also larger than predicted by theory. The 
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‘TOPIC TAGS: thermoelectric conductivity, illumination, Cd, S, fumes, coulomb 
barrier, activation energy, sulfur, cedmium 


ABSTRACT: In their investigation the authors varied the temperature, duration, 
and conditions of illuminatvion (samples cooled to test temperature during 
uninterrupted illumination, or cooled to test temperature in darkness and then 
illuminated), In the region of -100 to -85C, the maximums of thermoelectric 
conductivity observed at ~10 or +1& with a duration of 20 sec depend exponen- 


7 tially on the test temperature of the sample. They have activation energies 
ranging from 0.7 to 1 ev, depending on the sample. The dependence of the. thermo- 
electric current on the duration of illumination proved to be exponential, varying: 
as the 3rd to lth power of the duration, The authors discovered that the position ~~ 
of thermoelectric-current peaks depends on the conditions of illumination: only . 
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“one peak appears at +65C during continuous illumination; illumination at temper- |. | 
/atures below -50C givestwo peaks (at -10 and +18C), and the peak at +65C is either:  . ff 
absent or very small. . These peculiarities in the thermoelectric conductivity may. | cae) 


/ be explained on the basis of a complex structure center having several nearby 

- trapping levels surrounded by a single repulsive coulomb barrier. "The authors i 
express their deep thanks to Academician V. Ye. Lashkarev of the Academy of Sciences 
; Ukrainian SSR for his interest in the work and his very valuable discussions, and | 
| they thank I. V. Markevich for aid in making the measurements." Orig. art. has: 
/ 6 figures and 2 formulas. a 
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‘ABSTRACT: A device for rapid deueurement’ of parameters of semiconductor films is — 
described. The apparatus removes the néed for ect contact of electrodes upon = 
test specimens and permits the study of parameter distribution along the film, as 
well as. the investigation of kinetic photoelectric processes. The method of measure- 
ment is based upon the use of a three-node generator originally proposed by Ye. Ke . 
Zavoyakiy (Metod izmereniya potentsialov vozbuzhdeniya atomov i molekul. - 
Eksperimental'naya i teoreticheskaya figika, T. 6s, Vyp. 1, 1936). “A circuit dia~ 
gram of the device is given. Speoial elements in its network include a 6NZP lemp- 
and an ENO-1 oscillograph. The authors describe in detail the functions of the more 
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important itema in the network, paying particular attention to the uae of electrodes 
on two types of measurement condensers. A-diacusaion of the variation of network - (|: 
current with different semiconductor film sizes and types ia given. Orig. art. hast! 
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TOPIC TAGS: recombination luminescence, ee vidatton radiation, ir radiation, 


luminescence quenching» cadmium sulfide, cadmium selenide 


- ABSTRAOT: In view of the fact that earlier studies of infrared quenching and 
-*pecombination in CdS were limited only to stationary or slow transient : 
processes, the authors propose new independent methods of determining the 
' various parameters characterizing the centers of slow and fast recombination .- 
4n a unipolar photoconduotor. Jt 46 shown in particular, that the initiel 
sections of the infrared quenching relaxation curves can yield additional =. |" 
{nformation on the parameters of the tarious recombination centers 4n Od5e 
The methods are based on Cae study of the kinetics of the photo= 
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' current and its infrared sienaaie in the presence of additional illumination 
produced by short duration light pulses of: varying intensities and varying : 
spectral contents. The measurements were made on thin single crystala of CdS 
and CdSe, grown by various methods. The constant i]lumination was produced with’ 
an incandescent lamp and a set of filters, and the additional light pulse was 
a flash lamp with pulae duration 2.5 x 10-6 seo and a sot of filters. Longer 
puloes wore produced with a mechanical disco shutter and an infrared monochro= |.) 2 4 


characteristic of the material. The parameters determined were the concentrae 
tions of the vacancies and of the electrons at the r- and s~levels, the 
conoentrations of the levels themselves, the fractions of the various carriers 
captured at the r= and s-levels, and the cross section for the capture of an 
‘Anfrared photon by an unfilled re-center. The methods for obtaining the various| — 
parameters are indicated, The values of the recombination-center parameters = | - 
measured by various methods, in singlé orysteal Od, and in part also in Od8e | 
are good agreement. Orig. art. has: 7 figures, 26 formulas, and 5 tables. 
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TOPIC TAGS: electron recombination, 


ABSTRACT: ‘This is & continuation of earlie 
(Sheynkmen, FIT v- 7, 28, 1965 and earlier), where the Auger recombination 
mochanism was proposed for multiply-end singly-charged centers, wherein the 
capture of 4 minority carrier is accompanied by the emission into the band of | 
another oarrier of opposite eign, localized on the same center. In the present 
article the authors present a quantum-mechanical calculation of the cross 
section for the capture of minority carriers by shallow sing 
particles, when the onergy released is transferred to the major 
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which is localized on a neighboring center having the same fonization energy 
or larger. This carrier 4s emitted into the nearest band. The capture of 


carriers by deep centers is also discussed. Numerical estimates show that 


Auger recombination processes can become comparable with or even larger than 


radiative and other types of recombination at sufficiently low temperatures 


and at high impurity concentrations. ” 


Yalues on the order of 10° -- 10 
are obtained for semiconductors of the Ge, 81, oF GaAs type in the case of 
shallow levels, and of the order of 10-19 .- 10° © for capture by deep levels. 
This indicates t 


hat a capture of 4 carrier by a shallow center of large radius, 
with tranefer of the ener 


gy to a carrier of opposite sign localized on a 
neighboring deep center, would be most effective. The authors thank E. I. 


; i, Rashbe for valuable critical remarks, and Y. Ye. Lashkarevy cr Kalashnikov 
and V. Ll. Bonch-Bruyevich for ieee in the work and a ids ion. ¢ 
Orig. art. has: 1 figures én? 5 formulas. 
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TOPIC TAGS: cadmium sulfide, single erystal, photocurrent, noise spectrum, photo- » 
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| ABSTRACT: The contact noise of CdS single crystals equipped with various ohmic 
' @lectrodes was investigated, Unlike in other studies, the contact.noise was 
mm 6. «Seperated from the volume noise by using a probe method of noise measurtment. The: 
tm 6. Spectrum of the photoresponse to a weak sinusoidally modulated Light of constant 
hae intensity wac plotted simultaneously with the noise spectrum measurements, The Pe ay ee , 
. methods of preparing the photosensitive GdS crystals and of depositing the current . — 
contacts on the crystals are described. The form of the investigated samples and © —— ° 
their electrodes is illustrated in Fig. 1 of the Enclosure, which shows also the 
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- ACCESSION NR:  AP5004320 oe eS ee 
surement set-up. The noise and photoresponse spectra were 
Par taken in the frequency range from 2 eps to 1 kes. ‘At 2. cps the equivalent noise. 
ba impedance of the measuring set-up was 20 kilehms.. The results indicate thet it is: 


possible to obtain noiseless obmic contacts of thin and thick cas single crystals =: 
' ‘@4ther by welding-on indium or by cathode sputtering of cedmium. Other methods. of | 
electrode preparation resulted in noisy contacts. The noise spectrum and the 
aquare of the photoresponse were found to differ from theoretical, and. large | 
values of AN2/N >> 1 (N -- number of carriers in the sample, AN@ e= dispersion of  - 
| the carrier number) were observed, whereas ordinary theory yields ale/n he 
‘ heasurements have shown that the value of ANC /N is not: connected with the quality: 
of the contacts, since values both less then un 
- unity (for example, 


500) were obtained. 
in these quantities 
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| ABSTRACT: The authors eet ela cestals in the form of mirror-smooth films 
‘of average dimensions 2 * ¥ * 0.01 cm, obtained by the synthesis method from the fe 
'yapor phase with various admixtures were applied to their surfaces. The admixtures! - 
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‘are readily ionizable donors in CdS, the latter greatly alter the luminescence of | 

|gnS-CdS phosphor crystals and eliminate photoconductivity in the long-wave range. eel 
The admixtures were applied by evaporation in a high vacuum, so that several mono- 
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ABSTRACT: Since. earlier investigations of infrared. quenching of © 
photocurrent in semiconductors "o£ the: type A; -Byy have. been. made. 
under stationary conditions or under slow transient conditions (on 
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the kinetics of the infrared quenching by using short pulses, to be” 
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the recombination centers, and to determine the cross section for.. 
| the capture of an infrared photon by a slow-recombinat ion r-center. 
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The theory of the phenomenon is discussed briefly. Pulses of 2.5. 
sec from an infrared lamp (0.93 1 wavelength) were used. The. cross '}: 
section for the capture of an infrared: photon by the xr-level was. o 

! found to be 0.8 x 10726 em2, which is of the same order as the geo~ 

| metrical dimension of the atom. The ‘probabilities’ for electron. cap= 
ture by s-centers and xr-centers were found to be (4--20) x 10729 and 
(3--5) x 10713 cm3/sec, the latter being close to those obtained by 
the authors by another method earlier (Fiz. tverd. tela v. 5, 387, 1) 

| 1963). Orig. art. has: 2 figures. ; 
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ABSTRACT: In this work the effect of cut hg? bina Au ch the. otoeelectric properties of = 
CdS crystals was investigated. These additives. produce in CaS Sealy bent acceptor — : 
levels which serve as recombination centers, The surface of 2x4x0.01 cm3 single crystais | 
of CdS was alloyed with Cu, Ag, or Au by evaporation of these metals in a high vacuum in 
_ the amount which would produce several monolayers. The deposited metal film had Ae 
practically no effect on the dark current. Some of the specimens were not further treated, | Ei 
whereas others were heat treated in a high vacuum over a short period of time. . The heating _ 
time was 30 sec at 130-150C for Cu and Au and et 200C for Ag. The alloyed layer, calculated a 


on the basis of the diffusion coefficient, was aboat 0.15 microns thick. The measurements -. 
of stationary photocurrent I, and photocurrent relaxation time ‘Ti0g were made.before and: 
after alloying . It is shown that alloying lowers the photocurrent in the shortwave part of the . 
spectrum. Authors express their gratitude to Academician AN UkrSSR V._E: Lashkar'ov.. 
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